University of South Florida

Digital Commons @ University of South Florida
Marine Science Faculty Publications

College of Marine Science

2018

Large-Scale Intrusion of Circumpolar Deep Water on Antarctic
Margin Recorded by Stylasterid Corals
Theresa M. King
University of South Florida

Brad E. Rosenheim
University of South Florida, brosenheim@usf.edu

Alexandra L. Post
Marine and Coastal Environment Group

Theresa Gabris
Hamilton College

Taylor Burt
Hamilton College

See next page for additional authors
Follow this and additional works at: https://digitalcommons.usf.edu/msc_facpub
Part of the Life Sciences Commons

Scholar Commons Citation
King, Theresa M.; Rosenheim, Brad E.; Post, Alexandra L.; Gabris, Theresa; Burt, Taylor; and Domack,
Eugene W., "Large-Scale Intrusion of Circumpolar Deep Water on Antarctic Margin Recorded by Stylasterid
Corals" (2018). Marine Science Faculty Publications. 2427.
https://digitalcommons.usf.edu/msc_facpub/2427

This Article is brought to you for free and open access by the College of Marine Science at Digital Commons @
University of South Florida. It has been accepted for inclusion in Marine Science Faculty Publications by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

Authors
Theresa M. King, Brad E. Rosenheim, Alexandra L. Post, Theresa Gabris, Taylor Burt, and Eugene W.
Domack

This article is available at Digital Commons @ University of South Florida: https://digitalcommons.usf.edu/
msc_facpub/2427

Paleoceanography and Paleoclimatology
RESEARCH ARTICLE
10.1029/2018PA003439
Key Points:
• The understudied taxa of deep sea
stylasterid corals reliably record
14
oceanographic C changes
• Changes in local reservoir ages are
evident at western Ross Sea and
eastern Wilkes Land
• Corals record recent, persistent
intrusion of Circumpolar Deep Water
over a large expanse of the Antarctic
margin

Supporting Information:
• Supporting Information S1
• Table S1
• Table S2
Correspondence to:
T. M. King,
theresaking@mail.usf.edu

Citation:
King, T. M., Rosenheim, B. E., Post, A. L.,
Gabris, T., Burt, T., & Domack, E. W.
(2018). Large-scale intrusion of
Circumpolar Deep Water on Antarctic
margin recorded by stylasterid corals.
Paleoceanography and
Paleoclimatology, 33, 1306–1321.
https://doi.org/10.1029/2018PA003439
Received 26 JUL 2018
Accepted 21 OCT 2018
Accepted article online 24 OCT 2018
Published online 26 NOV 2018

©2018. American Geophysical Union.
All Rights Reserved.

KING ET AL.

Large-Scale Intrusion of Circumpolar Deep Water on Antarctic
Margin Recorded by Stylasterid Corals
Theresa M. King1 , Brad E. Rosenheim1
Eugene W. Domack1,4

, Alexandra L. Post2

, Theresa Gabris3, Taylor Burt3, and

1

College of Marine Science, University of South Florida, St. Petersburg, FL, USA, 2Marine and Coastal Environment Group,
Geoscience Australia, Canberra, ACT, Australia, 3Hamilton College, Clinton, NY, USA, 4Deceased 20 November 2017

Abstract We present centennial-scale radiocarbon (14C) records archived by deep sea stylasterid corals
from the outer shelf and upper slope of the Antarctic margin. These novel stylasterids (Errina spp.) were
collected from the western Ross Sea shelf (500 m) and slope (1,700 m), as well as the eastern Wilkes Land shelf
(670 m). We provide two corals from each region and document an abrupt reversal of 14C ages in the upper
(younger) part of each coral. We test the statistical robustness of each record and demonstrate the
signiﬁcance of the age reversals, as well as the ability of these corals to record environmental change. We
discuss a variety of possible drivers for this 14C reversal and conclude that it is most likely an encroachment of
14
C-depeleted Circumpolar Deep Water (CDW). This water mass has regionally intruded onto the Antarctic
margin in recent decades, facilitating loss of grounded Antarctic ice; which has implications for global sea
level, deep-water formation, and carbon sequestration in the Southern Ocean. Thus, understanding the
past variability of CDW on the margin is vital to better constrain climate change trajectories in the near future.
We estimate large-scale encroachment of CDW onto the shelf likely commencing after 1830 CE (±120 year).
We present possible drivers for the intrusion, but highlight the need for additional chronologic constraint.
This study not only demonstrates the utility of a novel coral taxon but also presents the paleoceanographic
community with a testable hypothesis concerning a recent, widespread CDW intrusion.

Plain Language Summary The Southern Ocean surrounds the continent of Antarctica and is made
up of some of the world’s oldest water. Waters from around the globe ﬂow into the Southern Ocean where
they can mix and ﬂow back out to recirculate around the world. One such old water mass is Circumpolar
Deep Water, or CDW, and it is made from parts of warm Atlantic waters and cool polar waters. Some Atlantic
heat is retained in CDW and gives it a characteristic temperature of 1 °C, which is warm enough to melt
ice around Antarctica. CDW is generally deeper than other waters and does not routinely interact with ice
around Antarctica. Recently, CDW has been making its way up under ice shelves (the ﬂoating extension of
land-based ice) in Antarctica and melting signiﬁcant amounts of ice. When the ice shelves melt, the
support that they provide the grounded ice behind them is compromised, and large amounts of ice on land
can ﬂow faster out to sea. This has the potential to greatly increase global sea level, impacting the
increasingly dense coastal communities around the world.
Because CDW is also much older than other water masses in the Southern Ocean, it has a very distinct, old
radiocarbon age. In this study, we employ deep sea stylasterid corals as archives of past ocean variability. As
the corals grow, they incorporate chemical signals into their skeletons that reﬂect the chemical signals of the
water they are living in, including radiocarbon. We analyze corals from two locations on the Antarctic
continental shelf, located seaward of nearby ice shelves. These sites are 1,300 km (800 miles) apart in different
settings at the western Ross Sea and eastern Wilkes Land margins. We expected that if the stylasterids
were growing and there was no water mass change, the radiocarbon records should be older at the bottom
of the specimen and younger at the top, similar to how we would expect a tree to grow. What we observe
is an unexpected change in the younger portion of each coral; the ages become abruptly older. This suggests
that at some point during the corals’ lives, old CDW had moved in and forced them to record older ages.
Further, the CDW intrusion was recorded by each coral, which suggests that this was a large-scale event,
happening over a wide range of the Antarctic margin.
We convert the radiocarbon ages to calendar years and determine that the intrusion of CDW up onto the
continental shelf roughly coincides with a time of stronger winds over the Southern Ocean as well as reduced
bottom water formation in the midnineteenth century. Stronger westerly winds would force surface waters
offshore, pulling CDW up onto the shelf to replace it. A reduced amount of bottom water being produced on
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the shelf (through ice freezing that rejects salty water that sinks to the bottom of the ocean); CDW could also
be pulled up to ﬁll a void. At this point we are unable to separate the true mechanism that caused CDW to
ﬂow up onto the continental shelf, but we are hopeful that with additional methods of age determination we
can. What is more, we have evidence for an intrusion of CDW in a region of Antarctica that was previously
unaffected. These ﬁndings could help us understand on what timescale CDW intrudes under ice shelves and
help us better understand the possible impacts CDW-induced melt could have in the near future.

1. Introduction
Continuous changes to global climate and corresponding mass loss of the Antarctic ice sheet necessitate an
understanding of previous oceanographic conditions on societally relevant, decadal to centennial timescales.
Evidence suggests that the main drivers of grounded ice mass loss since the 1960s are atmospheric warming
(affecting the Antarctic Peninsula) and ocean thermal forcing via interactions with marine-terminating outlet
glaciers (Jacobs et al., 1996; Marshall et al., 2006; Pritchard et al., 2012). Because these processes accelerate
the discharge of grounded ice into the ocean, there are implications for global sea level rise, as well as thermohaline circulation. Introducing signiﬁcant amounts of fresh water to the Southern Ocean can affect deepwater formation and ventilation, processes strongly associated with atmospheric CO2 concentrations
(Anderson et al., 2009; Brovkin et al., 2007; Toggweiler et al., 2006). By extending oceanographic records at
a high temporal resolution beyond current observational data, the chronologies and ultimate forcing
mechanisms of recent ice mass loss can be better understood and constrained for future climate projections
(DeConto & Pollard, 2016; Dutrieux et al., 2014; Dutton et al., 2015).
The oceanic component of major ice loss is driven by the upwelling of relatively warm Circumpolar Deep
Water (CDW) onto the continental shelf. CDW is formed in the Southern Ocean by mixing deep waters from
adjacent basins through ﬂow of the Antarctic Circumpolar Current (ACC, Jacobs et al., 1996; Orsi et al., 1995,
1999). CDW retains its relative warmth (>1 °C) from the inﬂuence of North Atlantic Deep Water (Orsi et al.,
1999; Walker et al., 2007). Therefore, when CDW impinges onto the continental shelf (via wind, vertical mixing, and/or tidal forcing), it is channeled into bottom troughs and can induce basal melting of ice shelves at
rates up to tens of meters per year (Dinniman et al., 2012; Pritchard et al., 2012; Rignot & Jacobs, 2002; Thoma
et al., 2008). Thinned ice shelves then exhibit unstable grounding lines and produce weakened buttressing
forces, facilitating grounding line retreat and accelerated discharge of grounded ice to the ocean (Cook
et al., 2016; Hillenbrand et al., 2017; Payne et al., 2004; Rignot et al., 2008, 2014; Rignot & Jacobs, 2002).
Melt induced by CDW impingement onto the shelf has been observed as the mechanism for recent ice shelf
thinning around the periphery of Antarctica over the last several decades (e.g., Cook et al., 2016; Jacobs et al.,
1996; Rignot & Jacobs, 2002; Rintoul et al., 2016; Shepherd et al., 2004; Wåhlin et al., 2010; Walker et al., 2007).
In terms of the most susceptible regions, both proximities to the ACC and shelf bathymetry can affect transport of CDW onto the shelf. Areas such as the Amundsen and Bellingshausen Seas are more easily affected
being near the ACC and exhibiting landward-sloping continental shelves with deep cross-shelf troughs
(Campagne et al., 2015; Pritchard et al., 2012). Ice shelves in these areas exhibit the greatest thinning via basal
melt and have consequently received much attention in terms of long-term reconstructions of CDW intrusions (e.g., Hillenbrand et al., 2017; Ishman & Sperling, 2002; Konﬁrst et al., 2012; Shevenell et al., 2011;
Shevenell & Kennett, 2002; Smith et al., 2017). However, there is also evidence for similar CDW intrusions in
regions of eastern Antarctica (e.g., Mertz and Totten ice shelves), which are farther from the core ﬂow of
the ACC (Campagne et al., 2015; Pritchard et al., 2012). Although they are currently abbreviated events relative to the continual intrusion of CDW in the west, models project a southern shift of a strengthened ACC
through the next century. Thus, sustained CDW intrusions over the Antarctic margin may become more prevalent and pervasive continent wide (Fyfe & Saenko, 2006).
Formation, transport, and upwelling of CDW is controlled by many factors, some of global breadth. Previous
long-term reconstructions of west Antarctic CDW intrusions support a mechanistic link between intrusion
events and changes in atmospheric pressure systems (e.g., the Amundsen Sea Low, Southern Oscillation
Index, and/or Southern Annular Mode) (Hillenbrand et al., 2017; Ishman & Sperling, 2002; Konﬁrst et al.,
2012; Shevenell et al., 2011). These pressure systems drive changes in Southern Hemisphere westerly winds,
which, when intensiﬁed, draw CDW up from depth onto the continental margin. Such atmospheric pressure
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changes are modeled to have far-ﬁeld teleconnections to El Niño Southern Oscillation-induced changes and
Asian tropical climate anomalies (Steig et al., 2012; White & Peterson, 1996).
High-resolution oceanographic reconstructions are limited due to the paucity of satisfactorily resolved sediment archives. Proximal sediment records accumulated over such short timescales can be ambiguous due to
disturbances by bioturbators, current scouring, and, in the Southern Ocean, glacial processes. Furthermore,
preservation of carbonate microfossils is widely known to be poor on the Antarctic margin, rendering precise
chronology difﬁcult in the late Holocene. Therefore, deep-sea corals are an optimal archive on the Antarctic
margin over this timescale. Coral skeletons are able to incorporate chemical and isotopic signals from the surrounding water mass, attributing them with continuous, high-resolution records (Adkins et al., 2002;
Goldstein et al., 2001; Grifﬁn & Druffel, 1989; Roark et al., 2005, 2006). Additionally, they are slow growing, sessile organisms and can accumulate records that span centuries to millennia (Andrews et al., 2002; Druffel,
1997; Druffel et al., 1990; Risk et al., 2002) while ﬁxed in depth with respect to ﬂuctuating water
mass boundaries.
In this study we test the ability of a relatively ubiquitous, yet underutilized deep-sea coral to record oceanographic changes over a decadal to centennial timescale on the Antarctic margin. We present geochemical
records from deep-sea hydrocorals of the family Stylasteridae, genus Errina. We employ skeletal measurements of radiocarbon (14C) as a proxy for the relative presence of CDW at two sites on the Antarctic margin.
Because CDW is formed at depth, it is characterized by 14C-depleted dissolved inorganic carbon with an age
of ~1,400 radiocarbon years (14C yr) (Key et al., 2002; Matsumoto & Key, 2004; Ostlund & Stuiver, 1980) relating
to the time since ventilation and uptake of atmospheric CO2. On the continental margin, the 14C-depleted
CDW signature contrasts greatly with 14C-enriched waters formed (and ventilated) on the shelf (Sandrini
et al., 2007). The two sites in this study (described in the next section) do not currently exhibit CDW-induced
melt; thus, we expect a reliable climate archive to record minimal changes in the relative presence of CDW
through the lifespan of the corals. Any signiﬁcant changes in the radiocarbon record will be thoroughly evaluated to determine the source of the change, that is, water mass changes or internal variability. These results
will allow us to determine the utility of stylasterid corals for high-resolution paleoceanographic reconstructions of a signiﬁcant oceanographic change on the Antarctic margins.

2. Study Sites and Methods
Living groves of stylasterids, predominantly genus Errina, were sampled from the outer shelf/upper slope of
the Antarctic margin at sites ~1,300 km apart (Figure 1). Both sites are characterized by the presence of the
Antarctic Slope Front, a feature near the shelf break that exists between cold, dense shelf waters and CDW.
Thus, stylasterids growing near this boundary are in a prime location to record shifts in the dominant water
masses (Jacobs, 1991).
2.1. Adare Basin, Ross Sea
The Ross Sea is a well-known region of bottom water formation in the Southern Ocean (Picco et al., 2000). The
western side of the basin experiences seasonal katabatic winds that create polynyas (Kurtz & Bromwich, 1985;
Picco et al., 2000; Sandrini et al., 2007). Through brine rejection, these polynyas form high salinity shelf water
(HSSW), a high-density water mass that is integral in the formation of Antarctic Bottom Water (AABW) (Picco
et al., 2000; Williams et al., 2010). A portion of the HHSW ﬂows along the western margin and out to the shelf
break, mixing with seasonally upwelled modiﬁed CDW (modiﬁed as CDW mixes with waters on the slope, but
hereafter not differentiated from core CDW); the resulting water mass spills downslope as AABW (Gordon
et al., 2009; Jacobs et al., 1970; Sandrini et al., 2007).
The United States Antarctic Program expedition NBP-07-01 dredged several small seamounts in the Adare
Basin. The stylasterids for this study were from two dredges, one on the outer shelf at a water depth
~500 m and another on the shelf slope at ~1,700 m (Figures 1a and S1a in the supporting information).
The dredges sampled predominantly Errina spp., and many organisms were collected alive (evidenced by
their pigmentation) with growth tips intact. Two of the longest live-collected specimens were chosen for
radiocarbon analysis, assuming their length was representative of an older specimen with the longest possible climate archive. One coral was sampled from the outer shelf (EA-1, ~9 cm) and one from the shelf slope
(EA-2, ~11 cm; Figures 2a and 2b).
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Figure 1. Hydrography of sampling sites: (a) Adare Basin, western Ross Sea (Koshlyakov & Richman, 1992; Swift, 2011;
although no explicit correction is given in the cruise reports, Koshlyakov and Richman, 1992 use a precursor of Rubin
and Key, 2002 to screen possibly bomb-contaminated radiocarbon values—those compiled values are not shown in the
14
data in Figure 1a) and (b) Mertz-Ninnis trough, eastern Wilkes Land (Rintoul, 1996; there is no mention of any bomb- C
correction applied to the data from this transect). Yellow and red circles on the inset Antarctic map refer to corresponding
transects for the Ross Sea (above) and Wilkes Land (below). Purple circle in Antarctic inset marks location of Weddell Sea
coral (section 4.2 and Figure 4). White-ﬁlled circles on the transect maps (Figures 1a and 1b) denote approximate dredge
14
locations. The contour plots show Δ C (‰) in color, black contour lines represent temperature (°C), black dots mark station
depths for water collection, and white rectangles mark approximate dredge depths. Note that the bathymetry for each
proﬁle is from Ocean Data View; more accurate bathymetry is included in Figure S1 (Rintoul et al., 2011).

2.2. Mertz-Ninnis Trough, Wilkes Land
The Wilkes Land region, approximately 1,300 km west of the Ross Sea, has similar hydrography as the Ross
Sea site (Post et al., 2010; Rintoul, 1998). HSSW drains through the Mertz-Ninnis trough and mixes with
CDW at the shelf break to form a dense water mass that is exported over the Adélie Sill and mixes into
AABW (Gordon & Tchernia, 1972; Jacobs et al., 1996; Williams et al., 2010).
The United States Antarctic Program expedition NBP-14-02 dredged the mouth of the Mertz-Ninnis trough. A
live coral ﬁeld was sampled at the shelf break ~670 m water depth where predominantly Errina spp. were
recovered (Figures 1b and S1b). Two of the longest live-collected specimens were used for this study; again,
assuming length was indicative of the length of the temporal record (L1 ~20.4 cm, and J1 ~11.5 cm;
Figures 2c and 2d).
2.3. Sample Collection and Radiocarbon Analysis
Each stylasterid specimen was sampled with a Dremel® microdrill controlled by a rheostat. After the outer
surface (<1 mm) was abraded and discarded to access unexposed material beneath the surface, small holes
of ~2 mm diameter and depth were drilled at 1 to 3 cm intervals along the growth axis of each specimen.
EA-1 had two tips that were sampled, tip 1 and tip 2 (Figure 2a), but all descriptions of this specimen are relative to tip 1 unless otherwise speciﬁed. Radiocarbon measurements were carried out by accelerator mass
spectrometer at the National Ocean Sciences Accelerator Mass Spectrometry facility in Woods Hole,
Massachusetts (USA).

3. Results
From the Ross Sea, specimen EA-1 exhibits radiocarbon ages that range from 1,360 (±40) to 1,090 (±30)
14
C yr and specimen EA-2 ranges from 1,370 (±15) to 1,270 (±15) 14C yr (errors are 2σ). From Wilkes
Land, specimen L1 radiocarbon ages range from 1,360 (±10) to 1140 (±10) 14C yr and specimen J1 range
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Figure 2. Uncorrected radiocarbon ages from live-collected Errina specimens from the western Ross Sea (a and b) and
eastern Wilkes Land (c and d) with distance from the growth tip. Each plot is overlain with specimen sampling location,
water depth, and estimated calendar year of the age reversal. Blue lines represent the linear trend in ages, and red lines are
the apparent trend of the age reversal (dashed lines denote an estimated trend). Yellow circles represent extrapolated
reservoir ages from early growth trends (S4, supporting information). All error bars are reported at 2σ.

from 1,310 (±10) to 1,150 (±10) 14C yr. As expected, the maximum radiocarbon age for each stylasterid is
recorded at or near the base of each stylasterid. However, minimum radiocarbon ages are not observed at the
uppermost sample near the growth tip. Instead, the youngest ages are tens of millimeters from the tip of each
specimen and are followed by age reversals (younger stylasterid CaCO3 displaying older 14C ages, Figure 2).
The radiocarbon record of specimen EA-1 exhibits a clear linear trend from the base toward the tip until a
minimum radiocarbon age of 1,090 (±30) 14C yr is recorded at 25.2 mm. After this minimum, the radiocarbon
age reverses toward tip 2 and also resumes a trend toward younger ages along tip 1 (Figure 2a), meaning
that the stylasterid likely grew for another ~60 years while depositing older carbonate (based on average

KING ET AL.

1310

Paleoceanography and Paleoclimatology

10.1029/2018PA003439

stylasterid growth rates from this study; Table S1). EA-2 exhibits a more complex radiocarbon record that can
be described in three main parts. The base of the stylasterid is characterized by the oldest 14C age of 1,370
(±15) 14C yr, followed by nine younger ages, some of which are not statistically different from each other, then
a return to an older age of 1,340 (±15) 14C yr at 3 mm. The youngest 14C age recorded by EA-2 is 1,270
(±15) 14C yr at 52 mm (Figure 2b), meaning that the stylasterid recorded older ages for the next ~130 years.
The record from specimen L1 exhibits a maximum radiocarbon age of 1,360 (±10) 14C yr near the base and
also at 139 mm. From the base, the 14C ages follow a decreasing trend toward the growth tip but are interrupted at 139 mm. There is a minimum radiocarbon age of 1,140 (±10) 14C yr from 40 to 23 mm, after which,
the ages reverse toward the growth tip, meaning L1 was likely recording old ages for ~55–100 years
(Figure 2c). J1 is similar to the record of EA-1 in that after the maximum age near the base (1,310 ± 10
14
C yr), there is a clear linear trend of decreasing ages toward the tip. A minimum age of 1,160 (±15)
14
C yr is reached at 38 mm (~95 years) before a reversal to 1,190 (±10) 14C yr and then return to a younger
age of 1,150 (±15) 14C yr at the tip (Figure 2d).

4. Discussion
4.1. Validity of Age Reversals
The most striking feature of the compilation of stylasterid radiocarbon records is undoubtedly the age reversal recorded by each specimen, but it is unclear at this point if they are true reversals or an artifact of another
environmental or physiologic process. Before we are able to interpret the reversals, we must evaluate their
validity to determine whether they are in fact related to reservoir ages of different water masses or to internal
coral variability (e.g., increased variability in a trend toward younger ages). Based on the premise that stylasterid corals should exhibit younger radiocarbon ages from base to tip, we are able to test the observed variability via the null hypothesis that throughout each specimen’s lifespan, the trend of 14C ages does not
signiﬁcantly change.
In testing our null hypothesis, we provide a compilation of 14C age/distance trends (or slopes) for each specimen to evaluate any signiﬁcant changes, as well as an ideal case in which no age reversal occurred (Figure 3).
This exercise (explained in detail in the supporting information) demonstrates that the striking reversal in
ages (Figure 2) is indeed abnormal for a coral growing more or less linearly in water of invariable radiocarbon
content. Furthermore, the approach used in Figure 3 (Text S1, supporting information) allows quantiﬁable
identiﬁcation of the age reversals. Speciﬁcally, the slope for specimen EA-1 decreases signiﬁcantly once
the sixth data point is included and is accompanied by a decrease in the corresponding R2 value
(Figure 3c). We estimate the reversal initiated between the ﬁfth and sixth radiocarbon ages, as the sudden
increase in age led to the simultaneous reduction in slope and the overall ﬁt of the line. Specimen EA-2 exhibits three signiﬁcant drops in slope after the ﬁfth, eighth, and eleventh radiocarbon ages are included
(Figure 3d). Additionally, the R2 values exhibit relatively high variability and then continually drop after the
seventh age is included (Figure 3d). We assign the age reversal for this specimen between points 6 and 7
when a minimum radiocarbon age is reached, and the R2 value begins its fairly continuous fall. Specimen
L1 most closely resembles our ideal case because of its larger spread of 14C ages near its base (Figure 3e).
However, the slope signiﬁcantly decreases after the ninth point is included and is accompanied by a decrease
in R2 as well, allowing us to reject the null hypothesis. The age reversal here is assigned between points 6 and
7, the point at which the minimum radiocarbon ages are reached and begin to reverse. Lastly, specimen J1
exhibits a signiﬁcant drop in slope after the ﬁfth point is included, accompanied by a drop in R2 (Figure 3f).
We estimate that the reversal was initiated at this time, between points 4 and 5. After this modeling exercise,
we can fully reject our null hypothesis for each stylasterid and support that the age reversals evident in the
radiocarbon records are, in fact, signiﬁcant.
4.2. Stylasterid Growth Structure
Given that our radiocarbon records show discernable age reversals, we must develop a conceptual understanding of growth patterns of these stylasterids to determine if there is any way the age reversals are an artifact of growth, sampling strategy, or are a true climate signal. Unfortunately, there is little documentation of
such patterns for this novel taxon of coral. The most detailed growth description available for stylasterids is
provided by Wisshak et al. (2009) for Errina dabneyi. Wisshak et al. (2009) document a millimeter-scale banded
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Figure 3. Model results for an ideal stylasterid without an age reversal, as well as all four real specimens. The models are all plotted to show changes in the slope of
2
radiocarbon ages as data are sequentially added to the simulated records. The ideal case is displayed as compilations of slopes (a) and R values (b) that
14
incorporate noise level 100 and noise level 20 C yr in linear age model. The gray points denote the entire simulation (n = 100), blue and red solid lines represent the
2
average slope and R values for noise levels of 100 and 20 (100 average and 20 average), and blue and red dashed lines represent the standard deviation of the
2
average slope and R values for noise levels of 100 and 20 (100 1σ and 20 1σ). Model results for real specimens EA-1 (c), EA-2 (d), L1 (e), and J1 (f) are also presented.
2
Error bars are reported at 1σ, and R values for each model are depicted as well. Red arrows on the x axes denote our assigned age reversal for each stylasterid.

structure across the main stem of the stylasterid used in their study. However, the stylasterids analyzed herein
do not exhibit any type of regular banded structure; the only visible change over a cross section is a change in
color from a white center to a pink outer layer. Such differences in basic structure demonstrate variability in
the growth patterns within this family of corals but do not aid in the evaluation of the radiocarbon records.
Absent an analog in the literature, we rely on supplemental sampling of a stylasterid from the Weddell Sea to
elucidate natural radiocarbon variability in their skeletons. This additional specimen, S1, is a smaller coral of
the genus Errina that was retrieved from the Larsen A region of the Weddell Sea, a region not under the inﬂuence of CDW (Figures 2 and S2, supporting information). This coral was sampled in a similar manner, but at a
lower resolution, than the corals presented earlier. Specimen S1 did not exhibit an age reversal similar to any
of the other specimens (Figure 4). Although one radiocarbon age near the base is slightly younger, the
remaining ages are within error of each other. This demonstrates that the age reversals are not an inherent
quality of stylasterids as they record radiocarbon.
In terms of sampling structure, we conceptualize a stylasterid growth model to evaluate our records. Because
our stylasterid corals are much thinner than they are long, we assume that their vertical growth rate is much
larger than their horizontal extension. Thus, we employ a conceptual growth model that consists of radially
symmetric growth wherein the center of the hydrocoral extends further and faster than the outer section.
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This results in a model of skeleton that accumulates similar to stacked
cones with the youngest portion at the growth tip and the highest rate
of extension at the center of each branch. Such a growth model has been
described in detail by Fallon et al. (2014) for the cold-water scleractinian
coral, Solenosmilia variabilis. Using this model, our sampling strategy has
then separated early growth from later increments along the stem, but it
has also integrated several years of growth history for each sample. This
is generally impossible to avoid in microsampling of intact CaCO3 skeletons using these tools (Swart et al., 2002) but can still preserve geochemical data at a resolution lower than the sampling average.

Figure 4. Stylasterid specimen S1 was sampled from the Weddell Sea, near
the Larsen A region. The hydrography is much different than the sampling
sites for our other specimens, as any CDW on the shelf enters from the
eastern region and becomes very well mixed before ﬂowing around the
Weddell gyre and reaching the site of S1. This is evident in the much younger
14
C ages and the lack of a deﬁnite reversal. Error bars are reported at 2σ.
CDW = Circumpolar Deep Water.

Previous works that have investigated stylasterid growth rates have
bracketed them at 1–7 mm/year; however, our corals suggest a possible
wider range (Text S3, supporting information; Table S1; Chong &
Stratford, 2002; Miller et al., 2004; Stratford et al., 2001). As a ﬁrst-order
approximation for growth of our stylasterids, we assume a constant
growth rate through time, which is likely not true with living organisms.
Applying this assumption, we obtain growth rates for the stylasterids an
order of magnitude lower than published rates (Table S1; see section 4.3
for discussion of chronology). This suggests that with our sampling
scheme of 2-mm drill holes, we incorporate time on the minimum order
of 5 years. This is well below the temporal range we aimed to resolve with
these stylasterids and thus supports the validity of a true age reversal signal. Additionally, as the outer surface of the hydrocoral is assumed alive,
removing the tissue during the mechanical cleaning exposed skeleton that
was precipitated at different times, insuring that our radiocarbon records
are indeed time transgressive.
4.3. Chronology of the 14C Reversal

We suspect the age reversals recorded by each specimen are caused by a
change in the reservoir age of the water mass in which the stylasterids
lived, complicating our determination of the timing of the reversals. Our approach involves converting radiocarbon ages to calendar years, using the online calibration program Calib 7.1 with the Marine13 calibration
curve (Stuiver & Reimer, 1993). For this program we need to estimate the reservoir age (R) of the water mass
in which the stylasterids are growing. This is commonly estimated via extrapolation of the radiocarbon ages
to the x axis (zero distance or depth) that approximates the 14C years offset from present. This approach
assumes that the zero-distance offset from present is constant through time, as well as a constant
age/distance trend. Because we are interpreting a change in water mass R, we must estimate the 14C age
at the tip of the stylasterid (zero distance), absent any water mass-related changes in R. This is done by extrapolating the early age/distance trend prior to the age reversals in each coral (Figure 2; Text S4, supporting
information). We then calibrate the 14C ages with the calculated R and corresponding uncertainty for each
site (Ross Sea: 1,085 ± 26 14C year and Wilkes Land: 1,058 ± 13 14C year; see Text S4, supporting information).
Our stylasterids suggest a synchronous event, to the limits of our assessment, over a wide span of the
Antarctic margin. The calibration routine demonstrates that the Ross Sea specimens likely began accumulating skeletal material around 1620 CE for EA-1 (±100) and EA-2 (±75) (see Figure S2 for detailed uncertainty
ranges). The age reversals recorded in EA-1 (depth: 500 m) and EA-2 (depth: 1,700 m) likely took place after
1900 (±260) CE and 1720 (±80) CE, respectively (Figures 2a and 2b, S2a and S2b). Likewise the specimens
from Wilkes Land likely started vertical accretion around 1600 (±60) and 1660 (±55) CE for specimens L1
and J1 (depths: 670 m), respectively, and the age reversals are recorded after 1850 (±110) and 1830 (±120)
CE, respectively (Figures 2c and 2d, S2c, and S2d). These timings correspond roughly with depth.
Specimen EA-2 was retrieved from a greater depth downslope, suggesting that its older age reversal could
be due to an earlier change in reservoir age at this deeper site. In the absence of independent chronology
(i.e., U/Th) of the stylasterids, these estimates suggest a prolonged change in reservoir age, with depthdependent onset of incursion, at nearly continental scale.
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4.4. Possible Mechanisms for 14C Variability
A perfectly archived 14C record of dissolved inorganic carbon (DIC) spanning the past few centuries would
show progressively less 14C content with age. We have shown that our stylasterid records do not behave this
ideally, but that their deviations are in fact, signiﬁcant events, lending conﬁdence to the use of stylasterid
paleoceanographic archives. In this section, we discuss what could be forcing the age reversal recorded by
all four stylasterids over such a wide span of the Antarctic margin. Several processes can cause deviation from
the aforementioned perfect 14C archive including diagenetic effects (e.g., Black & Andrus, 2012; Wisshak et al.,
2009), thermonuclear bomb testing (post-1950), a change in the radiocarbon content of the coral food
source, or a change in the reservoir age of the water mass in which the coral grew. We explore these possible
explanations for our records below and demonstrate that change in reservoir age is the least
complicated mechanism.
4.4.1. Diagenesis
Diagenesis can have an ambiguous effect on most geochemical records of stylasterids and inﬂuence trace
elemental and stable isotopic compositions (Black & Andrus, 2012; Wisshak et al., 2009); however, it likely
could not have resulted in anomalously older ages in stylasterids, separated by such a wide geographical
range, at the same time. Diagenesis, as it pertains to these corals, can be described as any process that alters
the mineralogy and/or geochemistry of the skeleton, post-precipitation. The alteration-inducing processes
can include the addition of secondary carbonate, loss of skeletal material, and even geochemical changes
without any obvious change in carbonate mineralogy (Black & Andrus, 2012). Any evidence for the aforementioned processes would caution interpretation of the 14C records as environmental changes.
A diagenetic inﬂuence on radiocarbon would be easily recognized, as any change in the geochemical record
would result in the incorporation of new radiocarbon and younger ages. With addition of secondary material,
we would expect an elevated 14C content in the new carbonate, as the 14C in the existing skeleton would
have decayed over time. Whisshak et al. (2009) describe changes in microstructures through the lifespan
of their stylasterid via dissolution and reprecipitation on microscopic scales. These characteristics, although
vital to interpreting extremely high-resolution geochemical records, are not applicable to our sampling resolution. We sampled our stylasterids on a much larger scale (millimeters versus micrometers), resulting in a
bulk type of radiocarbon age that would average any microscale changes. There was also no visible evidence
of secondary growth while sampling these stylasterids; however, further analyses of additional Ross Sea specimens (also collected from NBP-07-01) reveal at least one specimen that exhibited two forms of calcium carbonate (calcite and aragonite), but it is unclear which is (or whether both are) the primary mineralogy as
stylasterids have been shown to precipitate both (Cairns & Macintyre, 1992; Text S5, supporting information).
Regardless, any microscopic addition of secondary carbonate would have been incorporated into our bulk
type of age. Because we have no anomalously younger radiocarbon ages, we assume that, at most, our ages
are underestimated and secondary growth is not a possible forcing for the age reversals observed.
Any loss of skeletal material (e.g., dissolution or breakage and recolonization of the broken tip) would cause
gaps in the radiocarbon records but would not lead to a reversal in ages. For example, if a section were to
have broken off and regrown, we would expect a large jump in ages from older to younger across this boundary. There is no visual evidence for a breakage or dissolution on any of the stylasterids, and there is also a lack
of anomalously younger ages. If there was a microscopic loss of skeletal material, the gap in ages would have
been integrated into our samples, similar to the incorporation of secondary carbonate, and the only likely
affect would be a slight bias to younger ages as some older material would be missing. Again, this does
not explain the radiocarbon ages in question, so we discount this as a possible forcing mechanism for an
age reversal. We suspect that at most, our radiocarbon records are underestimated, and diagenetic effects
could not have created the age reversals observed in each stylasterid record at both the Ross Sea and the
Wilkes Land sites within our approximate chronologic constraints.
4.4.2. Bomb Radiocarbon
In the mid-1950s to 1960s, an elevated amount of radiocarbon was produced in the atmosphere from nuclear
bomb testing, which changed the background 14C content of the atmosphere and, with some delay, the
surface oceans. The pulse of 14C in the oceans, known as the bomb radiocarbon signal, is characterized by
a positive spike in Δ14C of DIC, followed by a gradual decrease as the 14C becomes diluted via mixing to
the subsurface and deep ocean (Benavides & Druffel, 1986; Broecker et al., 1985; Druffel, 1982, 1996;
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Druffel & Linick, 1978; Fernandez et al., 2015; Kilbourne et al., 2007).
Carbonates such as bivalves, gastropods, and benthic foraminifera from
the Southern Ocean have shown an increase in radiocarbon content
between organisms collected prebomb and postbomb spike (Berkman &
Forman, 1996).
If the bomb signal was recorded by our stylasterids we would expect it to
also be expressed as an increase in radiocarbon content, opposite the
decrease evident in our records. Based on the published range of stylasterid growth rates (Table S1), we provide a description of scenarios that
we would expect if the bomb signal was recorded. For a slow-growing stylasterid coral (e.g., 1 mm/year; Stratford et al., 2001) to express the bomb
radiocarbon signal, we would expect there to be a relatively dramatic shift
toward younger ages in the upper 57 mm (since 1950 CE). This could also
be characterized by an increase in the slope of the age-distance trend as
the bomb spike would be much younger than the previous trajectory of
the stylasterid growth. There is no evidence that this scenario has occurred
Figure 5. Mixing model that represents the change in stylasterid skeletal (Figures 2 and 3). For a faster growing stylasterid (e.g., 7 mm/year; Miller
14
14
Δ C (ΔΔ C) that would result from consuming different proportions of
et al., 2004), we would not expect the bomb 14C spike to be directly
old, glacially sourced OM and incorporating different proportions of resulting
recorded in our stylasterids; at this growth rate, the spike would have
14
respired CO2 into the calcium carbonate. The range of ΔΔ C that is
observed in the stylasterid record as the age reversal is colored in teal ( 0.7 occurred well before the entire lifespan of each specimen. Lastly, if the
14
to 11 C yr), and the contours are labeled. OM = organic matter.
age reversals are a return toward normal growth after a bomb spike (i.e.,
the entire early trend of decreasing ages for each stylasterid was the bomb
radiocarbon, followed by the age reversal back toward normal growth trends), the bomb signal would have
had to reach the deep Southern Ocean at two locations at the same time. This signal, or any atmospheric
radiocarbon signal, would also have had to have been relatively pure (not diluted by mixing with other
waters) to obtain such a marked reversal toward older ages. Considering that the Southern Ocean is characterized by some of the highest surface reservoir ages, it is unlikely that such a strong bomb signal would have
persevered and that we would already be seeing the return to prebomb ages presently and so abruptly.
4.4.3. Alteration of Food Source
A change in radiocarbon content of the stylasterid food source could alter the skeletal radiocarbon record via
consumption and translocation of respired DIC. The only conceivable change in food source that would cause
older ages is a release of glacial meltwater and associated pre-aged particulate organic matter (OM). If a sustained outﬂow event occurred and the corals derived their nutrition from this OM, CO2 produced by the corals would be depleted proportional to the 14C age of the OM. Some of this old, respired radiocarbon would
then be available for incorporation into stylasterid skeletons.
To illustrate the unlikelihood of a pronounced and sustained change in feeding of the stylasterids that was
regionally synchronous, we explore a simple mixing model. This model includes the range of proportional
contributions of glacially sourced particulate OM (GOM) as well as the range of metabolic: DIC CO2 fractions
that could be incorporated into the stylasterid skeleton (S6, supporting information). These changes are
quantiﬁed as changes in fraction modern of the CO2, which are then used to calculate Δ14C (wherein more
negative values represent older carbon; Text S6, supporting information). The resulting changes in skeletal
Δ14C (ΔΔ14C) identify a narrowed range in which a change in the 14C content of the stylasterid food source
could lead to an age reversal. Interestingly, at low proportions of respired CO2 incorporation (e.g., 5–10%),
there is a larger range of GOM consumption that could cause the observed age reversal (~1–15%; Figure 5
). Contrastingly, if stylasterids incorporate 100% of respired CO2 into their skeletons, the range of GOM proportions that could reverse the ages narrows to ~4–5% (Figure 5).
Some deep-sea corals have been shown to derive a maximum of 8% of their skeletal carbon from metabolic
CO2 (Adkins et al., 2002), widening the range of possible GOM proportions that could drive an age reversal. If
this were the case with our specimens, our model suggests that the stylasterids would need to consume a
diet of 1–15% GOM for several decades or centuries to achieve the age reversal observed in our radiocarbon
records (Figure 5). It is unlikely that such an excursion of old meltwater could be sustained long enough, and
in two separate regions of the Antarctic margin, to simultaneously inﬂuence our stylasterids given the
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episodic nature of such meltwater releases. Further, with meltwater outﬂow, release of iron would likely facilitate an increase in primary productivity, which would dilute the GOM signal, and the corals would derive
even less nutrition from the old GOM. Whereas it is mathematically plausible for a change in the coral food
source to drive an age reversal, it is mechanistically improbable. We maintain that there are too many variables that must align and remain consistent to be a driving mechanism for these age reversals.
4.4.4. Change in Reservoir Age
We posit that the most parsimonious explanation for the observed age reversals is a change in the reservoir
age of the water masses present during stylasterid growth. This type of forcing involves a change in ocean
circulation on the Antarctic margin that would favor the residence of an older, 14C-depleted, water mass
on the continental shelf. Such a change would also be likely to affect a large span of the continental margin,
inﬂuencing the stylasterids at both of our study sites, potentially simultaneously. Because the current hydrography at these sites is characterized by the upwelling of a portion of Circumpolar Deep Water (Figure 2), we
propose that this upwelling was not a major component of the regional oceanography prior to the recruitment of our oldest specimen (EA-2). Rather, the upwelling occurred at some point during these stylasterids’
lifetimes and has been sustained to the present. Further, the radiocarbon age of CDW is estimated to be
~1,400 years (Matsumoto, 2007), which is ~200 years older than the reservoir age of Ross Sea shelf waters
(Hall et al., 2010a), and ~200–400 years older than the waters at the study sites before the age reversals
(see Text S4, supporting information for reservoir age calculations). Thus, CDW is capable of forcing an age
reversal when mixed with the shelf waters (Figure S3).
Specimen EA-1 provides a time series of events having been collected from deeper on the continental slope,
that is, the earlier record of the intrusion from a greater depth is consistent with a progressive shoaling of
CDW. Further, the interrupted linearity of EA-2 could suggest that the encroachment of CDW on the slope
took place in stages with varying proportions of CDW (Figure 2b). This interpreted sequence of the intrusion
could possibly advance to a sustained CDW presence on the inner shelf of our study regions. Such a presence
has recently been reconstructed on the Amundsen Sea shelf (Hillenbrand et al., 2017; Smith et al., 2017).
These studies extend instrumental and satellite records of CDW presence and constrain its arrival to the early
1940s, not long after we estimate CDW reached the shelf break of the western Ross Sea and eastern
Wilkes Land.
4.5. Mechanisms for a CDW Intrusion
We consider two mechanisms as possible forcings for this incursion. The ﬁrst would involve reduced bottom
water formation that would pull CDW onto the shelf to ﬁll the void, and the second would employ an external
forcing to displace the ambient shelf water, pulling CDW up to replace it (such as wind-forced upwelling
under the inﬂuence of variable westerly winds, Thoma et al., 2008). Due to the integrated nature of CDW, it
is difﬁcult to interpret the intrusion as an increase in formation of CDW (a push rather than a pull) from a
far-ﬁeld-contributing water mass, such as North Atlantic Deep Water, without additional constraint. Added
challenges in resolving the true forcing mechanism(s) of the CDW intrusion lie in the lack of more precise
and regionally representative records over this timescale, and most importantly, a chronometer that is independent of radiocarbon. Nevertheless, we present potential climate forcings that align with our initial estimates for the timing of the CDW intrusion with the emphasis that these mechanisms should be further
tested with directed modeling efforts.
Our estimation of the CDW intrusion (around the middle to late nineteenth century) coincides with the end of
the Little Ice Age (LIA), a climate shift deﬁned in the Northern Hemisphere by the maximum glacial advance in
Europe, roughly 1500–1800 CE (Grove, 1988). Although LIA records are ambiguous in the Southern
Hemisphere (e.g., Masson et al., 2000), evidence has supported that the termination of the LIA in
Antarctica is partially characterized by a continent-wide reduction of bottom water formation and changes
in atmospheric circulation (Bertler et al., 2011). Prior to this, records from the southwestern Ross Sea indicate
strong katabatic winds (facilitated by cooler climate) that lead to more efﬁcient polynyas and vigorous AABW
production (Bertler et al., 2011; Leventer & Dunbar, 1988; Stenni et al., 2002). After the LIA, records indicate
much less efﬁcient polynyas in the Ross Sea and Mertz glacier regions, thus reducing formation of bottom
waters and creating opportunities for CDW to be pulled onto the shelf (Bertler et al., 2011; Campagne
et al., 2015; Leventer & Dunbar, 1988). Although our timing is less than certain, it is encouraging that it
roughly coincides with one of our proposed forcing mechanisms.
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Figure 6. Timing of maximum glacial extents observed by latitude (black circles and open circles—each is geochemical or
geophysical datum from sources below; and open circles denote an inferred date based on rough age approximations).
Also shown are the time points for the beginnings of our coral records and the age reversals, as colored squares and circles,
respectively. Question marks denote that the coral records could extend slightly earlier as we did not date the very base of
each specimen. Overlain in blue is the southern annular mode (SAM) index from Abram et al. (2014, black line is 70-year
loess ﬁlter). The stylasterid age reversals align roughly with climate shifts exhibited near the termination of the classical
Northern Hemisphere Little Ice Age (shown as vertical gray shaded bar). This is also the time of a relative maximum in the
SAM index. We note that the timing of maximum glacial extent, or peak LIA as exhibited in these regions of the Southern
Hemisphere, seems later with increasing latitude. The timing of the coral age reversal aligns will with the end of the LIA,
supporting our approximate chronology within a hemispherical context. Data are from Balco et al. (2013), Bentley et al.
(2007), Bertrand et al. (2012), Brachfeld et al. (2003), Brook et al. (2011), Christ et al. (2015), Domack et al. (1995, 2003),
Frenot et al. (1993), Gilbert and Domack (2003), Glasser et al. (2004), Hall (2007), Hall et al. (2010b), Harrison et al. (2007),
Koch and Kilian (2005), Masiokas et al. (2009), McKinzey et al. (2004), Putnam et al. (2012), Schaefer et al. (2009),
Strelin et al. (2008), and Winkler (2009). LIA = Little Ice Age.

In terms of the atmospheric changes around the LIA termination, there is evidence for an intensiﬁcation of
the Southern Hemisphere westerly winds, a mechanism that has been supported as a major forcing of
CDW onto the Antarctic margin (Dutrieux et al., 2014; Hillenbrand et al., 2017; Thoma et al., 2008). A reconstruction of the southern annular mode (SAM) index, from the James Ross Island ice core, demonstrates a
positive trend from ~1400 CE until ~1800 CE (Abram et al., 2014; Figure 6). A positive SAM index indicates
a larger meridional atmospheric pressure gradient, which contracts the westerly winds and creates stronger
ﬂow around Antarctica (Abram et al., 2014). Thus, a positive SAM would indicate strengthened westerlies, forcing northward transport of surface waters in the ACC (via Ekman transport), causing deep waters to be
upwelled onto the shelf (Steig et al., 2012; Sverdrup et al., 1942; Thoma et al., 2008; Yang et al., 2007). The
SAM index reaches a maximum at ~1800 CE, which is also the ﬁrst time the average value is positive over
the entire reconstruction, suggesting that the SAM could have been strengthening the westerlies throughout
the LIA until there was sufﬁcient offshore transport to upwell CDW onto the shelf. Further, the SAM index
reconstruction maintains high values (above pre-1700 CE) to the present, supporting our interpretation of
a sustained CDW presence (Abram et al., 2014). The SAM index reconstruction is further supported by various
records of regionally enhanced westerly winds during the LIA (Bertler et al., 2011; Christ et al., 2015; Moy et al.,
2008; Yan et al., 2005).
Because our chronology of the CDW intrusion is not based on an independent chronometer, there is ambiguity in its exact timing. However, it is notable that both of our proposed forcing mechanisms exhibited
changes that align with our stylasterid records. Additionally, Christ et al. (2015) compiled geophysical and
geochemical records of Southern Hemisphere glacial advances that are representative of maximum glacial
extent during the LIA event. This compilation supports a later glacial advance with increasing latitude
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(Figure 6). Therefore, based on the latitudes of our sampling sites, our ﬁrst approximation of the CDW intrusion chronology is supported (Figure 6).

5. Conclusions
We document unexpected 14C age reversals archived by deep-sea stylasterid corals at two sites on the
Antarctic margin. This relatively novel taxon of coral was tested in its ability to record oceanographic changes
at a decadal to centennial-scale resolution. This study revealed that the stylasterids are slow-growing organisms and record environmental data with ﬁdelity. We ﬁnd that each coral recorded a regionally contemporaneous age reversal from approximately the mid-nineteenth century toward the present. Each age reversal
has a robust statistical signature differing from an artifact of sampling or growth habit. We are able to conclude that the most likely forcing mechanism is a change in the regional ocean dynamics after full consideration of diagenesis, bomb radiocarbon, variations in 14C content of the stylasterid food source, and water
mass changes.
Namely, the records most likely represent an encroachment of warm, 14C-depleted, Circumpolar Deep Water
over a ~1,300-km geographical range. This water mass has been implicated in regions around Antarctica as
an accelerant of glacial ﬂow and grounded ice loss. Such evidence for CDW encroachment into a region not
previously affected is extremely valuable, especially in determining the rate of ﬂow and trajectory of this
water mass further onto the shelf. Based on estimated calibrated calendar ages, our records suggest that
the onset of the intrusion could have aligned with the termination of the Little Ice Age event. This time period
is accompanied by both reduction of deep-water formation and strengthening of the westerly winds, two
mechanisms that could be responsible for the shoaling of CDW onto the shelf.
Improved estimates of the timing of this intrusion require establishing chronologies independent of radiocarbon, for example, U/Th. At present, our study provides data supporting the movement of a warm water mass
from open ocean, up the continental slope, and to the shelf break over a wide span of the Antarctic continental shelf. Such a sequence has not been recorded in previous observational or geologic records. We demonstrate the utility and potential of deep-sea stylasterid corals to record such paleoceanographic change, but
we also maintain that this study warrants further testing of such archives. We have established the need
for improved chronologies, which could increase the potential resolution available for future reconstructions.
The scale of this incursion evidenced herein, and possible links to Antarctic climate, will serve modeling
studies well to further our understanding of CDW intrusions and ice mass loss in these regions of Antarctica.
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